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Introduction

RNAnNet is a firefox based web tool to explore
human Affymetrix mRNA data in GEO using
Ensembl gene and exon definitions

Correlation heatmaps and scatter plots 2757
GeneChips for

— All probes in a probeset

— All probes uniquely mapped to an exon
— Arbitrary (user defined) list of probe K
— All exons (approx 290 million)

Web based detection of spatial flaws and single
CEL file at a time quantile normalisation.

Conclusions

W. B. Langdon, Essex



RNANnet A Map of Human Gene Expression

GEO contains 10s of thousands of published
Affymetrix GeneChips.

So far, RNAnet uses all the HG-U133 2+

Affymetrix probes mapped to Ensembl exons
(and so to Ensembl genes).

Typically 2-11 PM probes per exon.

Correlation between all probes in exon (should
be free of alternative splicing etc)

Best probe chosen (no G-spots!). 24132 exons,
at least one exon from 14288 Ensembl genes

All v all exon correlations calculated across 2757

arrays (290 million correlations)
3



RNAnet - Results

» How to present 290 million numbers?

— Static, eigen analyse (PCA) group exons with
similar interactions.

— Interactive, user selects genes or exons of
Interest.

— Combined. PCA map guides user as to what
might be interesting.

W. B. Langdon, Essex



Correlations between Human

e+B6

et+B6 -

e+B6 -

e+86 -

e+B6 -

e+B6 -

e+d6 -

Langdon 2 July 2888 GED HG-U133 +2

-1

-8,5 a 8.5
Correlation between Ensenmbl Exons in GED HG-U133A 2+ {bin width 8,81}

Most correlations small.
Slightly more +correlations than —
Correlations are statistically significant

1

Exons



Eigen analysis of Human Exon Correlations

 Correlation of
24132x24132 exons as
square symmetric matrix.

« Eigen values fall rapidly.
Power law typical of
“small world” networks.
Only first 500 needed.

« Most eigen vectors short,
<8000.

« Eigen analysis can
approximate 300 million
correlations with
400thousand numbers.

999999

W. B. Langdon, Essex 6



Systems Biology
“Small World” Network

The strong links (< -0.410
or >0.578) form a sparse
network, which
nonetheless connects
nearly all exons.

Average number of
strong links is 32 (48)

2920 of exons have no
strong links

350 exons are highly
correlated with >2000
others.

W. B. Langdon, Essex

88888
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Best Projection 24132 dimensions—2

* Linear projection onto first two
eigenvectors (PCA) best preserves the
relationships between 24132 exons.

» Exon placement given by PCA, colour
given by average local correlation.

 Exons with weak correlations lie in centre,
strong at edges, far from anti-correlated
exons.

W. B. Langdon, Essex 8



RNAnet, gene by cursor

W Langdon Thu Sep 11 110540 BEST 2008

htkp:)fbslint tha.essex, ac, ukjusersiwlangdonirnanet Jexon. php? 1 442631 #5MOC2_24 p

Dragging cursor over dot
reveals link to table of
correlations for that exon.

http:,l',l'l:uslinl1ha.essex.au:.uk,l'users,l'wlangdu:un,l'rnanet,l’exu:un.php/?‘442631#5¥|0l:2_244:

Ensembl id

Ensembl Gene name

Exon number in gene

Type of gene (p = protein coding)

Black-blue low average correlation with 10
nearest neighbours. Red- strong
correlation.

W. B. Langdon, Essex 9
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Using crosshairs

Expression of Human Genes

HE U133 T WHL 1123208
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Find genes using text search

B

4

SMOC2 24

A

HORUEI3 Te WRL 112300

Expression of Human Genes

o

g

g

i

g

i

i

g

i)

_ |[ENSE 1442631

|[smocz 24 |[ ] O

W. B. Langdon, Essex

Find gene

[sMocz 1

S S—

DCle at graphs

Enter name of gene or

Ensembl number.

Exon highlighted by

crosshairs.
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Locking gene saves it whilst search
for others

i AR SRR Expression of Human Genes

0c2 24 | /10
Find gene E]Clea.r s \

Click on small box next to
exon/gene name.

UJ

Locking allows 9 other slot;
to be used to find other
genes

SMOC2 24

R Preloads correlations and

24132 ENSEDODA4ZE31 SHOC2 24 HG_UE3Plas 2WEL 06 oy 2008 displays thumbnail

" distribution of correlations.
Number outside thresholds.




SMOC2_24

Press button to left of
exon/gene names.

24132 ENSEDOOOT 442631 SMOC2 24 HG_U133_Plus_2 WEL 08 July 2002

W. B. Langdon, Essex

light strong links
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Adjust thresholds

iw R P Expression of Human Genes

| Qo
| o
| Qo

| (]
I o
I =
1 =
(O
| o
o1 [ENSE 144261 [[sdoce 24 [ ] [ 10

Find gene: [sMocz ] 1 DClea.r graphs !l—-1

|
|
oot

Setting negative threshold to -1
prevents any negative
correlations being plotted.

SMOC2 24

24132 ENSEQDO07442631 SMOC2 24 HG_U133_Plus_2 WBL 06 July 2008

W. B. Langdon, Essex 14



SMOCZ (SPARC-related modular calcium-binding protein 2 precursor)

LR RC6 (Leucine-rich repeat-containing protein 6)

Expression of Human Genes

F - HEATEIE 3« WHEL 11522008
.

_ |[EnsEapsize |[ercs s [ ) D
_ |lensEssrere  |[tRRo s |[ ] I ER
[ 2 |[EMsEtsszesr |3

Search for gene Irrc6 by name.
Two exons found.

No correlation with SMOC2.

Click on gene name for short
R R text description (leads to
24132 ENSEQD0OT 44261 :IBMDEZ 24 HG_U133_Plus_2"wEBL 06 July 2003 E n Se m b |)

W. B. Langdon, Essex 15



LR RC6 (Leucine-rich repeat-containing protein 6)
Correlation between exons 4 and 5 only

Expression of Human Genes

_______________ _ Ela
_______________ _| Jo
. o
_______________ _ Ela

_______________ _ o
— O
_____________________ )

[0 o |lenseapsaze  (LeRce g [[ ) M e 1o

1% o ||[ENSE 87822 rRcE 5 || | EBi0 el

[ 2o J[EnsEtaszen  |[smocz 24 [ ] oS

Find gene |k 2 |:JClea.r graphs |-1 0EEH | Thresholds

W. B. Langdon, Essex



Click to data as table

Hyperlink on exon
leads to table of
strong correlations
for that exon.

Can follow links to
other exons, or to
short description of
gene.

a.
a.
a.
a.
a.

[= = = = R o R N e e o e e o o R = O = e e i

Cotrelation coefficient ENS

ENZEN000144263]1 Cheatmay

ENSEOO00144Z631

ENSEOO00037353E,

SE00001163431
ENSEOO001Z44073
ENSEOOOOLE33Z46
ENSEOOOOOSTETLR
ENSEOO0000S30505
ENSEOOOO1313337
ENSEOOOO1453784
ENSEQOOOLSEEESE
ENSEOOOOLZ68E85
ENSEOOOO1ZS5895
ENSEOOOO11616E7
ENSEOOO014Z0853
ENSEOOOO01316605
ENSEOO000S33594
ENSEQOOOL14033E2
ENSEOOOO0SS3Z056
ENSEOOOO1E5Z4785
ENSEOO0O00341114
ENSEOOQ0035310E
ENSEOO001450673
ENSEOOOO14ZZ316

ENSEOO001415106

ENSEOO000146447E
ENSEOOOOLZ1Z313
ENSEOO000333471
ENSEOO001483755
ENSEO0001446506
ENSEOOOO0116Z040
ENSEQOOOL165361

PRECE, -
DSCR1O
Cl7orfs8?
Q96IPZ HIUMAN.
WAPAL,
PCEEE

JPHZ

NHS

WFDLCS

BCHY1
MYEOVE
ERTAP4-5
KCNH?

FANCHM
PDH14.
HYAL4
PGMEPL
P17658 HUMAN
FCRLS
Clo0orfs80
DPHE

NP 115661.1

ENSEOOOO11Z6477

ENSEOO0001046480

RLN3
HE 003081.1

ENSEOOOOLZ7S386
ENSEQOOOOSEE2E]
ENSEOOO01Z33646

CASE
IL1F7.
RGEeE

id ZEM8 exom within gene

Correlation between Hunan Exons and SMOC244 in GEO

The cotrelation cofficient across 2757 GeneChips taken from GEO was calewlated for all humea
firefox*) is reported below.

Link to Ensembl
information on this
gene.

W. B. Langdon, Essex

Links to correlation heatmap.
(firefox is dynamic)
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2 clicks into Ensembl

- Set
Ensembl H ” €|
e.’ uman Exenliew ¢4, ENSED0001428812, ENSEQD0DL
Your Ensembl Ensembl Exon Report
a# Login or Register Transcript SMOCZ-203 (HGMC (automatic)) Te view all Ensembl fanes linked fo the rame glidhere

@ About User Accounts

Ensembl Transcript ENST00000392101

ENST00000392101 1D
- : Transcript Exons: & Transcript length: 835 bps Translation length: 141 residues
=@ Gene information 3 f _ )
e information This transcriptis a product of gene: EMEG000001 12862

== (Gene splice site image
o UL Genomic Location Thi= transcript can be found on Chromosame B at location 168,690,647-168 807,412
== Gene variation info. . ) ) )

B The start ofthis transcript is located in Contig ALT02940.18.1.110603.
=@ [D history
B ompeichanscrin ShEs Description SPARC-related modular cal ciurn-hinding protein 2 precursor (Secreted modular calcium-binding protein 25 (3M0G-2) (Smooth muscle-associated
= Resequencing alignment 2) (SMAP-2). Source: Unip et/ SWISSPROT QOHIUT
=@ Transcript information
= Exon information Rendering options Flanking sequence at either emi_ol 50
=@ Protein information transcript
= Export transcript data Intron base pairs to show at splice sites |25
Chromosome 6 Show full intrenic sequence [

168,690,647 - 168,807 412
Show exons only [}

=@ ‘iew of Chromesome &
=8 Graphical view

@ Graphical overview
=& Export from region...

& Exon Information
Ensembl Archive

No. Exon / Intron Chr Strand Start End Start End Leng'th Seq uence
<! View previous release of Phase  Phase
page in Archive! ' upstream sequence ttactoctoataattgtagtotootigoasatottttooghiot
! Stable Archive! link for this 1  EMNSEODO01429000 6 1 168500647 169BU0EIE - - 52 GATGATGUUECACCTCCARCG T TE A AL TCAGU L TCAAGGAGA T GAAGAAG
PR Intron 1-2 fi 1 16BA80,A35 168,652 65T 1,850 gtgagocggggt ggggattgcacag . cttgtcatttoattttgg
7 EPSEO0O01471890 6 1 168592856 168,642,732 - 75 ATATTGCATCACCTTACCCTACCCTTTOGACTGAACAGGTTARAAGTCGGCAG

7 ClahTAAGARTTCAG
bYsange o

by

W. B. Langdon, Essex



LR RC6 (Leucine-rich repeat-containing protein 6)

SMOCZ (SPARC-related modular calcium-binding protein 2 precursor)

E 206483 _atppgo v 2430946 _atppg1 Log Quantile Normalised HG U133 _Plus_2 2757 WEL 04 Aug correlation -0.0128 (2706 cel files)
e 308483 _atpia v 243946 _atppa1 correlation 0281 (9 cel files)

Expression of Human Genes

|[ENSE1442631 CInanaspua probes
GEES3TE

plot [:]clea.r

Click on heatmap
element gives page
for scatter plot.

Red highlights CEL
files for a particular
experiment in GEO.

Crosshairs gives
links to GEO by
experiment or by
CEL file.

W. B. Langdon, Essex 19



GEO descript

6483 atppra=T71 243046 atpyri=1356 GSESI70 GSRA120547

Crosshairs on scatter plot links
to both GEOQ description of
experiment and of individual
CEL file.

lon of experiment

MCBI= GEQ = Accession Display

Gene Expression Omnibus

Handout | NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GEQ

GEO help: Mouze over screen elements for information.

Series GSES372
Status

Title

Qrganismis)
Experiment type
Summary

Scope: | self w

Mot logged in | Login

FDrmat:IHTML v .f-‘«mount:lQuick + | GEOQ accession: [asEszzz

Query DataSets for GSES372
Public on Dec 12, 2006
airway epithelium, large airways, pre and post-mechanical injury
Homo sapiens
Expression profiling by array
Responses of the Human Airway Epithelium Transcriptome to In Yivo Injury
To identify genes participating in repair of the human airway epithelium
following injury, we used bronchoscopy and brushing to denude the airway
epithelium of healthy individuals, sequentially sampled the same region 7
and 14 days later, and assessed the recovered epithelium for relative
levels of gene expression using Affymetrix high-density oligonuclectide
microarrays with TagMan PCR confirmation. Histologic assessment showed
that the epithelium was denuded immediately following injury, at 7 days
the epithelium was completely covered but partially de-differentiated, and
by 14 days there was close to normal proportions of differentiated cells.
Gene expression analysis was carried out with both the Affymetriz
Microarray Suite 5.0 and Robust Multi-array Average algorithms, applying a
multiple test correction to identify bona fide changes in gene expression. At
day 7, there were substantial differences in the gene expression pattern
compared to the resting epithelium, with a distinctive airway epithelial
“repair transcriptome” of actively proliferating cells in the process of
re-differentiation. The repair transcriptome at 7 days was dominated by
genes encoding proteins involved in cell cycle regulation, transcription,
signal transduction, metabolism and transport. Interestingly, the majority
of cell cycle genes differentially expressed at day 7 belonged to the G2 and
M late phases of the cell cycle, suggesting that the proliferating cells are
relatively synchronized 1 wk following injury. &t 14 days post-injury, the
majority of the gene expression changes observed at day 7 were no
longer observed, with the expression profile similar to that of resting
airway epithelium. Using a class prediction algorithrm, a group of 50 genes
dominated by cell cycle genes, that represent a human airway epithelial
“repair signature” was identified. These ocbservations provide a baseling of
the functional gene categories participating in the process of normal
hurnan airway epithelial repair that can be used in future studies of injury
and repair in human airway epithelial diseases.
Keywords: response to airway injury

W. B. Langdon, Essex
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Colour allows multiple plots

5 206483 _atppgz v 243948 atppg1 Log Quantile Mormalised HG_TT133_Plus_2 2757 WEL 04 Aug correlation -0.018 (2706 cel files)
LR 206453 _atpygg v 2453946 _atppn) correlation 0082 (2549 cel files)
1570279 _atppge v 243046 atppg correlation 0763 (2716 cel files)

LRRC6 v SMOC2
LRRC6 v SMOC2
ABCA1 V SMOC2 ([ptot [ Jetear

W. B. Langdon, Essex 21



Dynamic Heatmap

Correlation of Expression of Human Genes in GEO

Exon ids for SMOC2 — 3 ensennooosarazs ENSE lookup

and LRRC6 (bOth) 243946 at . pml* 206483 _at.pud* 206483 _at.pmb 206483 _at.pml 206483 _at . pmZ*
entered into ENSE

lookup. Affymetrix

probe ids generated.

E23 T oty ___E;__EHeatmap |:|text done

Heatmap has links to
scatter graph.

L 2064183 at pm2 5E2 195 1953 ACAACCCCTCATTTGETCATCTGCA 154 1.4
4 206483 at _pml 222 763 1917 GTCAAACCCGATAGTAGTTCTGCTA 116 1.4 &)
3206483 _at . pmb 535, 585 Z030 GAAAACTACCTCGLACAGFAGCAGA 135 1.3 B &
2206483 at pmd 1141, 35 19333 ATCACAGGTGETCAGCGAGCATTCA 136 1.2 SR
1243946 at.pml 275,672 36 GATGCRATGGTFETGTCCTCCAGAC 2531 1. 20 ..EE

W. B. Langdon, Essex 22



Dynamic Correlation Calculation

As previous slide,
but as for table of
numbers rather than
heatmap.

Correlation of Expression of Human Genes in GEO

326 ENSEDOOO0ES7522)  [ENSElo ok

243946 _at.pml* 2068483 _at pumd* Z06483_at . pmb 2068483 _at pul Z06483 at . pmz*

2% only EHeatma ﬁtext Finizhed

......... ek

-1 & 2757 HG_Ul33_Plus_z WEBL 04 ALugqust 2003
1170454 E_g3728906E5768 0.Z64438211164 27324
FE0625 490943516321 0245293624745 2570
350626 4. 30572062077 0301140110653 2724
2062z 4.749489125935 0. 3658Z380229E8 2719
20623 E.0387776394 0 356221585889 2729
0_083z18E0053463

0. 0zZ6EZ7290Z86

-0 0445339024514

-0. 0182262536875

L0577 E8501714

_ET140E06064E

_GE4LrEeda6d3d

_EEh&44 597001

L E04ZER27TIEE

.8552z21z21595804

Lo I o e e e Y o

W. B. Langdon, Essex
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Conclusions

Correlations between human exons are highly non-
random. The network formed by pairs of strongly
correlated exons is a “small world”:

— No exon is strongly correlated with all others

— 2% exons are strongly correlated with >1000 others

— Most exons are strongly correlated with <48 others

— By using multiple steps most exons can be reached

— 12% of exons not strongly correlated with any others

— Some “small world” power laws found.

RNAnet is an interactive tool to explore RNA expression
(protein gene and non-protien coding) of thousands of
published 3" GeneChips covering virtually all medically
Interesting human tissues.

Links to Ensembl and GEO.
One CEL quantile normalisation and error detection.
Future: extend to other arrays, other organisms, GO link?

W. B. Langdon, Essex 24



END

W. B. Langdon, Essex
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Questions

» R code to average, detect flaws etc.
under review. Release expected
soon.

» Technical report CES-486.

 RNAnet, 150000 heatmaps, error

detection, normalisation etc:
http://bioinformatics.essex.ac.uk/users/wlangdon

W. B. Langdon, Essex 26



